Richards G, White €1, Hopley hl. Rapid reduction of oxygenation index by employment of a recruitment technique in patients with severe AKDS. J Intensive Care XIed 2001;16:193-199. AIechanical ventilation of patients with acute respintory distress syndrome (ARDS) may contribute to pulmonary injury and systemic influnmation. The objective of this study was to exmine the safety and efficacy of a recruitment maneuver that npidly improves atelectasis and o.u).genation, and in so doing may reduce the potential for ventilatorinduced lung injury. Nineteen patients with severe ARDS (defined as PaO,:FiO, 5 150) from diverse etiologies were turned prone and a positive pressure of 40 cmI1,O was applied for a period of 90 seconds. This pressure was increased in 5 cmH,O increments in subsequent maneuvers to a maximum of 50 cmH,O if there was an inadequate initial response. Subsequently pressure-limited mechanical ventilation with a PEEP of 15 cmH,O was instituted to prevent derecruitment. Peak pressures \vere maintained at 5 3 5 cmH,O. Outcome measures were oxygenation index, PaO,: FiO, ntio, and alveolar-arterial oxygen difference. The 0 . ygenation index decreased from a median of 31 cmH,O/ mmHg to 14 cmH,O/mm€Ig immediately after recruitment and to 1 1 cmH,O/mmHg (12 < 0.0001) 24 hours later. The A-aDO, improved from 454 mmHg to 128 mmHg (12 < 0.0001) and the PaO,:FiO, ntio from 75 to 218 (12 c 0.0001) 24 hours later. Twenty-five percent of patients had 150,:Fi0, ntios of more than 300 mmHg at 24 hours. Mean ainvay pressure increased by 3 cniH,O initially, from 23 cmH,O to 26 cmH,O as a consequence of the increase in PEEP, but this had decreased to 25 cmH,O after 24 hours. There mere no significant complications. Rapid reductions in FiO, can be achieved safely by the implementation of a relatively simple recniitment technique. From the Diyision of Critical Care and Pulmonary Xledicine, Depnrtment of hlcdicinc, University of the \Vittvatersrand, Johannesburg, South Africa.
The management of acute respiratory distress syndrome (ARDS) is currently generating great interest in the critical care literature. Three new concepts in particular have stimulated considerable research and debate. First, it has been recognized that at least two different forms of ARDS exist (i.e., primary and secondary, or pulmonary and extrapulmo-. nary), and as management appears to differ, the current definition alone is insufficient to dictate management [1,21. Second, there is now evidence that ventilatory technique may worsen lung injury and that this may be ameliorated by pressure and volume limitation and the application of positive end-expiratory pressure (PEEP) sufficient to ensure lung patency [2-51. Third, and perhaps most important, whereas traditionally the disease has been considered to be homogeneous, this is now known not to be the case. Habashi et al. [3] , following on the work of both Gattinoni et al. 161 and hlaunder et al. [71, described three potential pathophysiologic zones of ARDS-affected lungs: aerated normal lung which is susceptible to barotraurna by inappropriate ventilation, air spaces that are filled with exudate and are therefore not recruitable, and areas with atelectasis and interstitial edema which are potentially recruitable.
Primary ARDS does not respond to PEEP with an increase in compliance, but rather with the stretching phenomena as manifested by a decrease in compliance of the total respiratory system and the lung 111. Conversely, reinflation of atelectatic zones (recruitment) can occur in those with secondary (extrapulnionary) ARDS in response to PEEP or a change in body position and this may be associated with an increase in compliance [8-101. Atelectasis with shunt primarily determines the degree of hypoxia in patients with secondary ARDS [SI. Recruitment of these areas could significantly improve hypoxia, reduce ventilatory pressures, and allow rapid reduction in FiO,. Atelectasis is predominantly basal [7,111. This occiirs because of a hydrostatic fluid gradient as described by Gattinoni et al. [111 (sponge lung), pressure from mediastinal and abdominal structures, and preferential ventilation of upper regions during mechanical ventilation in the supine position. Whereas application of PEEP or other techniques to increase mean alveolar pressure (MAP) in the supine position do improve oxygenation, they d o not, in general, successfully fully recruit nonfunctional lung units. As a consequence, a number of other techniques have been employed to achieve this. These include prone positioning, high-frequency oscillatory ventilation, partial liquid ventilation, and. the use of artificial surfactant
We have developed a recruitment maneuver, which is easy and safe to perform and does not require specialized equipment. This involves the application of positive pressure for a prolonged period of time in the prone position, followed by prevention of derecruitment with the application of sufficient external PEEP.
The aim of this study was to evaluate the application, safety, and duration of any positive effect of a recruitment maneuver in patients with ARDS.
Methods
Design. Standard practice in our intensive care unit (ICU) is to ventilate patients with ARDS in the prone position. If the ARDS is severe, that is, the PaO,: FiO, ratio is 5150, we perform a recruitment maneuver as described below. This study is a retrospective data collection and was approved by the Ethics Committee of the University of the Witwatersrand.
Patients. The data from 19 patients suffering from severe secondary ARDS (defined as a PaOdFiO, I 150) were collected. The patients mere recruited from the trauma and the medical/surgical ICUs at the Johannesburg Hospital. They were selected on the basis of severity of lung injury. The definition of ARDS adopted was that of the American-European The definition of acute lung injury (ALI) differs only in the criterion relating to oxygenation (i.e., PaOz/ FiO, 5 300 nimHg). Patients were excluded if their injuries prohibited their being turned prone ( e g , unstable spinal cord injuries) or if the pH was less than 7.2. Recruitment Maneuver. Patients were initially ventilated (with a Servo 700C Ventilator, Siemens Elema, Lund, Sweden) on pressure control with PEEP ranging from 8 to 12 and peak inspiratory pressure (PIP) of 5 3 j cmH,O. Permissive hypercapnia was utilized where necessary, but the pH was maintained above 7.25. Patients were sedated and paralyzed with pancuronium bromide, turned into the prone position, and the first set of observations made. These included mean airway pressure (MAP), arterial blood gas (ABG), inspired concentration of oxygen (FiOJ, and blood pressure (BP).
The FiO, was increased to 1.0. The ventilator was set to a rate and pressure control of zero and a positive pressure of 40 cmH,O applied by manipulation of the PEEP control for a carefully timed period of 70 seconds. After 70 seconds, the PEEP . was decreased to a level of 15 and mechanical ventilation was reinstituted, ensuring that the PIP remained 5 3 j cniH,O. Five minutes later another set of observations was recorded as before. If the PaO, was less than 300 mmHg, the maneuver was repeated, but with a pressure of 45 cmH,O and then 50 cmH,O. If after 50 cmHzO the target of 300 mmHg was not attained, no further maneuvers were performed.
During the maneuver, invasive BP, pulse, and oxygen saturation were continuously monitored. The patient was then left in the prone position for at least 24 hours, at which time an additional set of observations was recorded.
Oxygenation Index. The PaOJFiO, ratio assesses oxygenation without reference to the level of ventilatory support. Consequently we utilized the oxygenation index 1161 to address this problem. The index is calculated as
Though originally used extensively during studies of neonatal hypoxic respiratory failure, it is now being used more commonly in studies of adults with ARDS. It should be noted that improvement in gas exchange is indicated by a decrease in the index, as opposed to the PaO,/FiO, ratio in which improvement is indicated by an increase. is fully saturated at 37'0, and R = respiratory quotient (the ratio of COz production to 0, consumption, usually estimated to be 0.8).
Calculation of Alveolar-Arterial Difference
Statistics. The nonparametric one-way repeated measure analysis of variance (Friedman ANOVA) was used for comparison of variables. Dunn's multiple comparison test was used to detect differences between pairs of measurements. Statistical significance was accepted at the p < 0.05 level.
Results
Nineteen patients, 9 females and 10 males, ranging in age from 15 to 65 years, were enrolled in the study (Table 1) ; most were trauma related and had secondary ARDS. Sixteen patients had a normal Table 1 . Patient Demographics blood pressure prior to recruitment, but three were hypotensive with hlAPs of approximately 60 mmHg. I Blood pressure and arterial saturation remained stable throughout the procedure and there was no evidence of barotrauma. All patients showed a marked improvement in all measures of oxygenation immediately postprocedure, which persisted for 24 hours ( Table 2 ). The oxygenation index decreased from a median value of 31 cmH,O/mmHg to 14 cmH,O/mmHg 5 minutes after recruitment and improved further over the following 24 hours to 11 cniH,O/mmHg (Fig 1) . The overall change in the oxygenation index was statistically significant when assessed using the Friednian ANOVA ( p < 0.0001). This was confirmed by Dunn's multiple comparison test, which was significant at both measured points after the recruitment maneuver and persisted for 24 hours (Table   3 ).
The A-aDO, improved from a .median of 454 mmHg to 128 mmHg ( p < 0.0001) and the PaOJ . FiO, ratio improved from 75 to 218 ( p < 0.0001).
This improvement in PaO,:FiO, was sufficient to change the classification of a number of patients from ARDS to acute lung injury (ALI). Almost onequarter of the patients had PaOz:FiOz ratios greater than 300 mmHg at 24 hours (Fig 2) .
There was a small but statistically significant change in hlAP ( p = 0.0164) over the study period ( (31, 201) sksults are presented a s the nietlian value \\it11 the 25th and 75th percentiles in parentheses.
A-aDO,, alveolar-nrteriolar difference for oxygen; XIXI', mean ainyny pressure; FiO,, inspired oxygen fraction; I'aO,, arteriolar oxygen; hlAP X Fi02/l'a0,, oxygenation indes; h e , nie3surenients before recruitment; Post, nie:isLirenients 1 hour :ifter recruitnienl; 24 lIours, nieasurcincnts 24 hours after recruitment. ( Table 3) 
Discussion
The purpose of this study was to determine the safety and efficacy of a recruitment maneuver in the prone position in patients presenting with severe ARDS. \7entilated patients with ARDS often require high alveolar pressures and FiOz to maintain an adequate PaO,. This has been shown in numerous studies to be deleterious 117,181. Animal studies have conclusively demonstrated volo-and human studies have demonstrated barotrauma in patients ventilated with high airway pressures [19-241. In addition, survival has been improved using protective ventilatory strategies that include limitation of alveolar pressure and tidal volume [5, 251 . High pressures have the potential to increase the inflammatory response of the lung and worsen both local and systemic inflammation [26,271. There is also evidence that a high FiO, may lead to the generation of oxygen free radicals, which in turn cnn increase tissue damage and global oxidative burden in patients with critical illness [281. Current recommendations are to maintain appropriate oxygen delivery to tissues with the lowest possible FiO, and at the same time ensure an alveolar pressure of less than 35 cm H 2 0 by means of a reduction in tidal volume 121.
As important as high lung volume/pressure is in determining lung injury, there is evidence that ventilation at low lung volumes may also contribute to injury 129-321. This injury is probably due to direct mechanical trauma and disruption of the surfactant system secondary to repetitive opening and closing (recniitnient/derecniitment) of airways and alveoli. There are a number of ventilatory techniques that can be employed to achieve recruitment. hlany are fairly laborious and involve the use of expensive equipment. These include partial liquid ventilation, the use of esogenous surfactant, and high-frequency oscillating ventilators [33-351. The benefit of our technique is that it is easy to perform, requires no extra equipment, and achieves lung recruitment rapidly and safely. Although it is best performed by someone with experience in prone ventilation and ARDS, it can be easily taught even to the extent of describing the procedure over the telephone.
The oxygenation index was used as our main measure of reduced shunt [161. The reason for not using the PaO,:FiO, ratio (as many other studies have done) is that it ignores the contribution MAP makes to the level of oxygenation 136,371. An oxygenation index of greater than 30 is generally accepted to represent failure of conventional ventilation and may be an indication for alternative strategies such as extracorporeal membrane oxygenation 1381. Of the 19 patients, 13 had an index of more than 30 and one had a value as high as 59 prior to recruitment. We witnessed a marked decrease in the oxygenation index immediately after the maneuver, and this was maintained and. in some instances improved over the following 24 hours.
Prone positioning as a therapeutic maneuver in ARDS was first described in the 1970s 1391. However, it was only more recently, following work by Gattinoni el al. [81 which showed the disappearance of computed tomography (CT) scan densities in this position, that the procedure has gained popularity. Prone positioning limits anterior motion of the thoracic cage. hlechanical ventilation in this position preferentially promotes diaphragmatic excursion with expansion of the inferoposterior zones of the lung. Numerous studies have confirmed an improvement in oxygenation in patients turned early in the course of ARDS i40-441. Response rates may vary, but probably reflect the duration of ARDS prior to turning, the length of time patients are left prone, and whether the ARDS is primary or secondary. Secondary ARDS is most likely to respond to recruitment, as a substantial component of the disease is due to atelectasis [I].
This is not the first study of lung recruitment. There have been several small human and a larger number of animal studies performed over the past few years [37, 45, 461 . Furthermore, there is evidence that turning patients into a prone position leads to lung recruitment. However, Pelosi [421 recently demonstrated incomplete recruitment in the prone position, although oxygenation was improved. We felt that the addition of a prolonged recruitment period would allow more rapid reduction in FiO, and limit lung injury by more rapid improvement in atelectasis. The dramatic improvement in the oxygenation index primarily reflects the reduction in FiO,, and by extension, atelectasis. Recruitment is generally performed in the prone position. However, where impractical we have attempted our technique in the supine position while splinting the anteroposterior movement of the chest manually. This works but is less successful than in the prone position.
Our recruitment procedure is safe and we have not experienced any significant complications. As with any procedure involving prone ventilation, there are possible complications such as extubation during the turning procedure, which with care can be minimized. During the procedure, blood pressure, pulse, and oxygen saturation were monitored continuously. Whereas the pulse rate and blood pressure showed minimal change, the oxygen saturation may decline over the 90-second period, but this is usually not by a significant amount and it may actually increase. Where there is a decrease, tlie saturation recovers immediately following tlie reinstitution of mechanical ventilation. We have not experienced any inacrobarotraiinia such as pneumothorax or pneumomediastinum. We would, liowever, avoid performing this maneuver on patients with a severe preexisting acidosis or hypotension.
The application of a PEEP of 15 postrecruitment has usually been sufficient in our patients to prevent derecruitment on returning to the supine position. We believe this to be most important. IF the PEEP is not increased, oxygenation rapidly deteriorates on return to the supine position. Weaning should then proceed in the normal fashion, with PEEP being reduced last. If derecruitment does occur, we would repeat the recruitment procedure but subsequently increase the PEEP to 16 or 17, wliicli is usually successful in preventing desaturation in the supine position. We suggest that ideal PEEP be defined as that PEEP which prevents derecruitnient following a recruitment procedure.
There is little evidence currently to show that a ventilator-controlled recruitment maneuver improves outcome, although oxygenation is often dramatically improved and weaning appears to proceed more rapidly. Aniato et al. [251 successfully combined a low-pressure ventilatory strategy with a pulmonary recruitment maneuver following any procedure that might contribute to derecruitment. The improved outcome that they showed may, to some extent, have been related to the recruitment maneuvers. Certainly it did not appear to be deleterious, and in the light of our findings we would recommend it for patients with oxygenation indices of greater than 30 and who have secondary ARDS. In conclusion, this study represents a preliminary investigation of a new ventilatory strategy for patients with severe ARDS. It is successful in ternis of a rapid and persistent reduction in FiO,, while remaining within tlie constraints of pressure limitation. Subsequent studies will compare prone ventilation with and without a recruitment maneuver and will investigate the influence of this strategy on systemic inflammation, duration of ventilation, hospital stay, and mortality. 
